Study aim: Was to verify whether the regular practice of physical activity promotes some protective factor against the development of LS in patients infected with hepatitis C virus (HCV). Materials and method: Clinical data were obtained through medical records available at the Pernambuco Liver Institute. Physical activity levels were obtained through the International Physical Activity Questionnaire (IPAQ) short form to classify the patients according to the guidelines of the American College of Sports Medicine (ACSM). Results: The sample consisted of patients of both genders, over 18 years of age, who had positive anti-HCV, HCV-RNA and confirmatory tests for presence or absence of liver steatosis. 126 patients were included in the study. Patients with liver steatosis (G1) were more frequently male (57%) compared to patients without liver steatosis (G2) (p = 0.02). Physical activity analysis showed significant differences for GGT (p = 0.04), HDL (p = 0.04), AF (p = 0.02), viral genotype 3 (p = 0.04) and waist-to-hip ratio (p = 0.01) in anthropometric data. Correlation analysis showed a significant difference for GGT (r = -0.23; p = 0.01) and total bilirubin (BT) (r = -0.22; p = 0.01). Conclusions: Regular practice of physical activity generates a protective factor against the development of LS in patients infected by the hepatitis C virus and it is associated with the maintenance of variables related to hepatic and biochemical damage in patients infected with HCV.
Introduction
Liver steatosis (LS) is characterized by the excessive accumulation of lipids in the liver. Under histopathological conditions, this excessive rate represents more than 5% of the organ weight [25] . This condition promotes hepatic damage and comprises a large spectrum of pathological conditions with high evolutionary potential for other chronic hepatic disorders, including cirrhosis and hepatocellular carcinoma (HCC) [25] .
As the main factor for its development, the lifestyle can contribute to the worsening or regression of the disease [12] . Physical inactivity, high fat diet, type of work, leisure activity options and form of locomotion are determinant factors for the development and/or worsening of LS. These factors lead to a reduction in the occupational physiological demand, which in general presents low energy expenditure [22] . In addition, studies indicate that the vast majority of people with LS have some of the components of the metabolic syndrome, which is another risk factor in the life quality of patients [22, 24] .
In recent years the relation of regular and systematic physical activity with health-related processes has been discussed and widely analyzed, especially with regard to its impact on quality of life. It is currently understood that lifestyle affects the quality of life or, in the worst case, the onset of various morbidities [16, 24] . In addition, physical inactivity is associated with low levels of cardiorespiratory capacity and a high prevalence of obesity [2] .
A healthy lifestyle is associated with an increase in the practice of physical activities, which can be performed at work, in the form of locomotion, leisure and domestic activities. Studies have shown that physical activity generates beneficial effects on health [5, 9, 19] . However, many people still have low levels of physical activity [10] .
Although there are advances in technology and science, the relation between the regular practice of physical activity and clinical status of patients with HCV remains unknown. LS has a strong dependence on lifestyle, and understanding how regular practice of physical activities can modulate healthy behavior is relevant for health promotion programs. In addition, these patients have a double impairment due to hepatic damage caused by viral infection and the excessive fat deposition in the liver. The objective of the study was to verify whether the regular practice of physical activity promotes some protective factor against the development of LS in patients infected with HCV.
Materials ans method
Sample: The sample consisted of patients of both genders, over 18 years of age, infected by the hepatitis C virus, who attended the Institute of Liver and Transplants of Pernambuco (IFP). Subjects included had positive anti-HCV, HCV-RNA reagent and had signed the Informed Consent Form. The diagnosis for liver steatosis was performed by liver biopsy. Subjects with co-infection such as HBV, HIV, HTLV, alcohol consumption or those who did not clearly report daily physical activities were excluded.
Study groups: The patients assigned to groups with liver steatosis (G1) or without (G2). After obtaining the results on physical activity, groups G1 and G2 were subdivided into physically active and physically inactive patients.
Physical activity and clinical data: Clinical data were obtained through medical records available at the IFP. Physical activity levels were obtained through the International Physical Activity Questionnaire (IPAQ) short form to classify the patients as physically active or inactive according to the guidelines of the American College of Sports Medicine (ACSM) [10] . This questionnaire classifies physical activ ity based on the frequency, intensity and duration of the exercise, and is divided into three categories: moderate activity, high activity, insufficient activity.
Liver steatosis (G1) (n = 72)
No liver steatosis (G2) (n = 54) p p* Active (n = 63) Inactive (n = 9) Active (n = 38) Inactive (n = 16) Table 1 . Characteristics of the study population, according to the presence and absence groups of liver steatosis and physical activity levels p = comparison between liver steatosis and no liver steatosis; p* = comparison between physical activity levels; DM = diabetes mellitus; HAS = hypertension; AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma glutamyltranspeptidase; HDL = high-density lipids; LDL = low-density lipids; TG = triglycerides; TC = total cholesterol; AP = alkaline phosphatase; AFP = alpha-protein; BT = total bilirubin; Viral Gen 3 = viral genotype 3; values in parentheses represent the group's minimum and maximum values respectively; p < 0.05.
The group considered as "physically active" consisted of patients classified as having moderate and/or high activity and the "physically inactive" group consisted of those who were considered as having insufficient physical activity. In addition, IPAQ shows validity and reproducibility for the Brazilian population [13] . The study was approved by the Ethics Committee with the CAAE: 48823015.3.0000.5192, according to resolution 466/12 of studies with human beings. This study followed the standards set by the national health council for human research.
Statistical analysis:
The data are given as means ± SD (standard deviation) when parametric and median (minimum-maximum) when non-parametric. The ShapiroWilk test was used to check the normal distribution. The comparison between groups was carried out using MannWhitney test if the data were not normally distributed and the t-test for normal distribution. For correlation analysis between time spent in physical activity per week and liver enzymes we used the Spearman or Pearson test according to the normality test. In the multivariate analysis, the results are presented using the odds ratio (OR) with a 95% confidence interval (CI) to indicate possible risk associations. Odds ratios were adjusted according to the possible confounding variables through multivariate logistic regression. The software GraphPad Prism v 5.0 was used for all statistics.
Results 126 patients were included in the study. The group with LS (G1) had a higher frequency of males (57%) compared to G2 (p = 0.02). After obtaining the results on physical activity, groups G1 and G2 were subdivided into physically active and physically inactive patients. In the physical activity analysis, significant difference were found for GGT (p = 0.04), HDL (p = 0.04), alkaline phosphatase (AP) (p = 0.02) and viral genotype 3 (p = 0.04). No other significant values were found in this analysis. Table  1 shows the data referring to the characterization of the study population.
Anthropometric data showed a significant difference only for waist-to-hip ratio in comparison of physical activity levels (p = 0.01) ( Table 2) . For other variables, no significant differences were found.
Multivariate regression analysis showed a significant difference only for the level of physical activity (p = 0.04). For other variables analyzed, no significant differences were observed (Table 3) .
Regarding the laboratory variables, in the correlation analyses, there was a significant difference for GGT (p = 0.01) and total bilirubin (BT) (p = 0.01). A correlation of physical activity and GGT (r = -0.23) and BT (r = -0.22) was observed through the Spearman test. For the other liver enzymes, there were no significant differences. Figure 1 shows the correlation degree and statistical difference, respectively. 
Discussion
The modern lifestyle characterized by a high-fat diet and low levels of physical activity are factors that contribute to the growing number of people with LS, regardless of socioeconomic conditions. Due to its association with metabolic syndromes and increased cardiovascular risk, LS causes concerns about public health, especially when associated with these factors. In addition, it has an evolutionary potential for chronic liver diseases such as cirrhosis and hepatocellular carcinoma, which is the main cause of liver transplant [25] .
In the present study, it was observed that patients with LS were mostly infected with viral genotype 3. The literature indicates that the average prevalence of LS in patients with hepatitis C is 55% and may vary according to the different viral genotypes [1] . In addition, the presence of genotype 3 is associated with the presence and development of LS in such patients [3] . Regarding the laboratory variables that assess liver damage, significant differences were found only for gamma-glutamyltranspeptidase (GGT) and AP. The plasma level of GGT, associated with low levels of physical activity, has been reported as one of the predictors of diabetes [18] . Some studies show that the regular practice of physical activity can regulate the values of this transaminase [19, 20] . Alkaline phosphatase is used in clinical practice to check for possible hepatic damage, but this is more related to the onset and development of osteoarticular diseases [24] . In our study, the physically active patients maintained lower values of this enzyme in relation to the group of inactive patients. It was not possible to correlate alkaline phosphatase values in patients with osteoarticular diseases, since this number of patients was not representative in our study population. Although no significant differences were found for hepatic transaminases (AST, ALT), we believe that in our study the patients belonging to this group managed to maintain a homogeneous standard in relation to the transaminase values. In addition, it is possible to affirm that the regular practice of physical activity was able to reduce the virological aggression of these patients. However, more studies related to physical activity and virological activity in patients with HCV are required to confirm this hypothesis.
The study also found a negative correlation between GGT levels and time spent in physical activity, reflecting that regular practice of physical activity can beneficially influence the serum levels of this enzyme in patients with LS [19] . It is important to emphasize that regular practice of systematized physical activities may also reduce AST and ALT levels, generating a beneficial picture in such individuals. However, no significant results were found for these variables in our study. One possible explanation for this is the exposure of patients to the hepatitis C virus, which in turn generates liver damage regardless of the lifestyle adopted by the individual. In addition, the sample size may have been a limiting factor in finding such differences.
In the correlation analyses, a significant negative correlation was found between total serum bilirubin levels and time spent in physical activity. The total bilirubin concentration is one of the parameters used in the evaluation of liver function, in which values above normal may suggest disturbances in viscera functioning and/or hepatic parenchyma lesions [18] . It is plausible that the practice of physical activity acts as a regulatory factor beneficial to the population evaluated.
The lipid profile showed a significant difference only for HDL in comparison to physical activity levels. This lipoprotein has been reported as a protective factor against cardiovascular diseases, due to its activity of removal of atheroma plaques. Currently the literature indicates that regular practice of physical activity can increase and maintain the values of this lipoprotein [8] . In our study, the physically active patients demonstrated higher HDL values. Our results were similar to the findings of other studies [23 6] . Our findings were similar to those of Franco et al. [7] . It has been shown that lifestyle modifications (eating habits, physical activity) and variables linked to training such as intensity, duration and frequency may influence cholesterol modulations and biochemical profile.
The waist-to-hip ratio is an anthropometric index used to verify the presence of fat in the abdominal region, and it has been widely used in several studies. Through this calculation, it is possible to stratify the risk for the development of cardiovascular diseases in individuals. In our study, a significant difference was found in comparison to the physical activity groups. It is possible to affirm that physical activity, when practiced according to the weekly recommendations, decreases the values of this relation due to the great demand of energetic substrates required during such activities [16] . The results obtained in the multivariate analysis showed that the regular practice of physical activity confers a protective factor regarding the development of LS (odds ratio = 0.34); that is, individuals who regularly practice physical activities at moderate intensity and/or vigorously can obtain effects that promote good maintenance of the hepatic metabolism, besides the general improvement in the clinical picture.
Reinforcing this finding, Tsunoda et al. [20] demonstrated in their study that physical activity, mainly of vigorous intensity, has a positive effect to prevent hepatic steatosis and other liver diseases. This can be explained by the relation of the use of energetic substrates used during the practice of physical activities, which in turn activates the AMP kinase cycle [4] . Activation of AMP kinase increases the production of ATP, mainly through the oxidation of free fatty acids and glucose transport. In addition, the decrease of intrahepatic glycogen leads the liver to trigger higher consumption of fat, consequently decreasing this stock [4] . Decreased intrahepatic stocks lead the liver to extract energy substrates from other sites such as adipose tissue and/or blood circulation. With this, excess fat, located in the liver, is used to generate energy during and after the practice of physical activities by positively regulating the lipid profile and improving the clinical picture of patients affected by LS. More studies are needed to better understand the relationship between regular physical activity and parameters related to the clinical condition of patients with hepatic steatosis and its relation to hepatitis C virus infection.
Conclusion
It is concluded that the regular practice of physical activity generates a protective factor against the development of LS in patients infected by the hepatitis C virus. In addition, regular physical activity is associated with the maintenance of variables related to hepatic and biochemical damage, attenuating the clinical features of these patients. The study also represents a contribution regarding the clinical aspects of LS in Brazil, since the data on this frequent and important liver condition are limited.
